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(CL 75—128)

This invention relates to: stainless steel, and

- more particularly to weld rods for producing de-

posits- of the steel, and to welded’ Jomts axnd
products.

An object of my invention is the provision of -

a highly corresion-resistant stainless steel, havine
durability in such environments as thos2 where
nitric acid is present and substantial inertnass
from the stendpoint of earbide precipitation and
intergranular corrosion is required.

Ancther object of this invention is the prmflf:mn
of weld rods, as in the form of electrodes, having
well-balanced quantities of welding ingredients
for use in the production of highly cormswn-
resistant stainless steel weld deposits.

A further object of my invention is that of
providing weld rods which are canable of de-
positing highly corrosion-resistant stainless steel
weld metal of extra low carbon content having

substantial freedom from sigma phase ypon cool--

Ing and during use of a resulting welded jeint or
vroduct.

Another object of the present invention is the
provision of strong, durable and corrosion-resist-
ant stainless steel weld deposits which are sub-
stantially free of carbide precipitation and mgma
rhase.

Other objects of my mventlon in part WIH he
obviocus and in part pointed out hereinafter.

The invention, accordingly, consists in the
compination ¢f elements, composition of ma-
terials, and featurss of products, articles and the
like, as described herein, the scope of the applica-
1}1011 of which is indicated in the claims at the
end cof this specification.

As conducive to a clearer understandmg of
certain features of my invention, it may be noted
at this point that a variety of weld rods which
are capable of depositing stainless steel when
heated, have heretofore been embvloyed for the
production of welds. All stainless steel welds, of
course, aliord an appreciable amount of corro-
sion~resistance, nevertheless some of the deposits
heretofore obtained possess inferior resistance in

this resvect as compared with other stainless .

steel welds having a different alloy content. In
seeking to provide stainless steel welds having

cutstanding corrosion-resistance, however, ghe or-

more properties, such as strength, often suffer
unduly through the use of a modlﬁed CoOMpPOosi-
~ tion.

- Experience with certain stainless steel welds,
for example, shows that even through the weld
metal apparently has good resistance to ecrro-

oy

~ steels of extra low carbon grade.

”

- rosion set in, thus destroying chemical inertness
‘and physical strength. Even some.of the:steels

which are substantially free of carbide precipita-
tion and intergranular corrosion are susceptible

- to other forms of corrosion, such as that occurring
- by reason of the presence of sigma phase;
- corrosion resistance of sigma phase is gquite poor

The

in certain media, as for example in nitric acid.
'The sigma phase is. a non-magnetic inter-
metallic compound which frequently forms in cer-
tain types of steels during .cooling from high tem-
perature, such as from the temperature of de-
positing a weld. A prolonged maintenance of
these welds at high temperature, or their slow
cooling as from depositing temperature, often
tends to bring out the phase more fully. Espe-
clally is this noticed in the austenitic stainless
When sigma
phase develops, the welds suffer a loss of corrosion.
resistance. They are relatively brittle in the
cold condition and may have cracks. Also, the

- welds - tend to be weak because of sigma phase

when hot.
Some of the weld rods heretofore used give an

v austenitic stainless steel weld deposit which, upon

cooling to lower temperatures, becomes mar-
tensitic. These deposits in particular are likely

- to crack, as a result of stresses introduced in the

root passes while the weld is being produced.

- This, of course, lowers the actual strength of the

weld -and gives. a defective. joint. There are cer-

tain ferritic stainless steel weld devaosits, for ex-

ample, which avoid cracking, one reason for this

. being that they are not duench-hardenable and

thus, as well as in other ways, distinguish from

martensitic steel welds. Sigma phase deéevelop-

- ment. though usually attaches in the ferritic

stainless steel welds. The welds, accordingly, are
susceptible to corrosion under certain conditions,
stich as when used .arocund nitric acid, and often

- introduce other problems whmh are. ciosely re-

lated to the phase.
An outstanding object of my invention, ac-

- cordingly, is the provision of strong and durable

stainless stesl welds which.are resistant to crack-
ing, are substantially free of sigmg phase, are

- highly resistant to corrosion in such env1ron—

-ments as where nitric acid is present, ahd are

- particularly suited to the fabrication of a variety

of products and apparatus . from austenitic stain-

~ less steel plate,. sheet, sirip, rod, wire. and the

Iike of exira low carbon grade.
Referring now more particularly to the prac-

~ tice of my invention, I provide durable and re-
sion, carbide precipitation and intergranular cor- 55 11able welds in the high alloy steels, particularly
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the austenitic chromium-nickel molybdenum
steels of extra low carbon contents (for example,
10-35% chromium, 5-30% nickel, 0.5% to 8%
molybdenum, carbon content not exceeding
0.03% and remainder iron) by depositing a cer-
tain fused extremely low-carbon chromiums-
nickel-molybdenum stainless steel to give the
weld. The filler or weld deposit, in having a
critically balanced alloy content is substantially
free of sigma phase and is highly resistant to
corrosion. The filler metal is substantially wholly
austenitic and remains so after cooling for ex-
ample to room temperature. Delta ferrite, if
present at all, is only in small quantities. There
is substantially no carbide precipitation or inter-
granular corrosion for the very small amount of
carbon present remains approximately all in so-
lution.

As 2 matter of convenience, and because of
losses in the welding operations and other vari-
ables, I define the composition of the weld rod
or filler material herein in terms of the resulting
weld deposit which I achieve. Thus, for forming
the weld, I employ a source of the deposited
steel, such as a weld rod or electrode, which is
capable of yielding by thermal fusion a steel
containing carbon in amounts up to about 0.03 %,
from about 169 to 21% chromium, 10% to 20.9%
nickel, 1.75% to 49 molybdenum, and the re-
mainder substantially all iron. The electrode or
other source of the steel deposited, moreover, im-
portantly is capable of supplying the chromium,
nickel and molybdenum contents so that the
deposited steel contains these in critical propor-
tion represented by

Per cent Cr+2 X Per cent Mo

. —ga numerical value
Per cent Ni

not exceeding
about 1.50

The resulting stainless steel weld deposits which
I achieve are very resistant to corrosion and this
resistance is all the more effective for the steel
is substantially free of sigma phase and carbide
precipitation. Certain amounts of sulphur and
pheosphorus usually exist in the steel and I find
that by keeping the quantity of each of these
elements below about 0.02%, improved resistance
to cracking along the root passes or weld beads
is had, and freedom from hot-shortness is better

assured for the weld. The small quantities of -

sulphur and phosphorus each under 0.02%, such
as would be vielded by a weld rod in producing
the weld, accordingly are preferrec. I also prefer
to keep the amount of silicon in the deposit be-
low about 0.75%. Among other possible ele-
ments in the welds which I achieve is manganese,
this element, for example, being in any quantity
up to about 2.50% or even more if desired.

I find too, that stainless steels having a com-=-
position of the character indicated are highly
resistant to corrosion under such conditions as
heing exposed to nitric acid, this being particu-
larly so in view of the substantial freedom from
siema phase which is quite susceptible to attack.
Because of the favorable resistance to corrosion
or other good properties, I often provide the
" steel in some other form than in the form of
- welds, as, for example, sheets, strip, rods, bars,
wire, or the like, which are illustratively useful
 for making fabricated products. Among these
products are vats, tanks, tubes, or other chemi-
cal equipment which are very durable in the pres-
ence of vapors, liquids or other materials con-
taining nitric acid. In certain instances, I weld
" sheets of the chromium-nickel-molybdenum
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steel by depositing filler metal having substan-
tially the same composition. There are occasions
too where I draw the steel into seamless tubes
or fabricate the tubes from sheet or strip by
welding the seam,

Among the preferred substantially wholly
austenitic stainless steel compositions in accord-
ance with my invention are those which more
particularly contain up to ahout 0.03% carbon,
from 16% to 219, chromium, 14.8% to 19%
nickel, 1.75% to 3% molybdenum, and the re-
mainder substantially all iron. In this instance,
I find that by restricting the ratio between
chromium and nickel

(Per cent Cr)
Per cent Ni

to a numerical value not exceeding about 1.15
very excellent properties including substantial
freedom from sigma phase is had. Manganese
usually is present in the steel in quantities rang-
ing up to about 2.50%. The elements sulphur
and phosphorus each are preferably less than
about 0.029. Silicon usually amounts to about
D.75% at the most.

Another preferred substantially wholly aus-
tenitic stainless steel composition in accordance
with my invention is one which contains carbon
in amounts up to about 0.03%, approximately
189, to 219 chromium, from 17.2% to 20.9%
nickel, 3% to 4% molybdenum, and the remain-
der substantially all iron. In order to control

siema phase and achieve valuable properties of
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the metal in this instance, the ratio between the
chromium and nickel contents

(Per cent Cr)
Per cent N1

is represented by a numerical value not exceed-
ing about 1.05. The steel has 2 manganese con-
tent which does not exceed about 2.50%, and con-
tains silicon in amounts up to approximaiely
0.759%,. Sulphur and phosphorus are each less
than about 0.02%.

The use of welding electrodes, such as arc
welding electrodes, is preferred for achieving the
weld deposits which I provide. One of these
electrodes, for example, includes a wire or bar
core and a coating which usually together con-
tain the weld metal ingredients. TFor the sake of
simplicity and economy of production, the iron
and nickel constitutents, and most if not all of
the chromium, preferably are in alloy form in the
core. In this connection, the core sometimes
comprises stainless steel wire. The elements sul-
phur, phosphorus and silicon are kept below
maximum limits additively in the core and in the
coating so as not to be excessive in the weld.
Where any appreciable amount of manganese 1S
to be deposited, I find it cheaper to provide at
least a portion of the manganese in alloy with
other ingredients of the core, and any remainder
in the coating. The molybdenum ccnstituent fre-
quently is introduced to the weld from the cocat-
ing, but all or part may ke in the core if desired.
My electrode preferably includes a suitable weld-
ing flux such as a flux binder for the rest of the
coating material. In use, the electrode is fixsed
onto the parent metal which is to be welded, as
by operation of arc welding eqguipment. The
metal deposited is the extremely low-carbon aus-
tenitic chromium-nickel-molyhdenum stainless
steel hereinbefore described. Should excessive
losses of certain elements intended for the weld
be apt to occur in melting down the electrode,
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this is readily compensated by the use of some-
what larger amounts of the particular compo-
nents in the rod. Thus, a2 very exact control over
the ingredients entfering the weld is readily as-
sured toc obtain a weld having a desired composi-
tion. _-

In forming bead deposits, as with electrodes of
the character indicated, I find that the weid
metal hias good resistance to cracking as along
the root passes. Upon completion and in use, my
welds are strong and ductile, and are resistant to
cracking both in the hody of the deposit and in-
terfacially with the parent metal. The corro-
sion-resistance is excellent. o

Thus, it will be seen that in this invention
there is provided an extremely low-carbon
chromium-nickel-molybdenum  stainless steel,
weld rods for depoesiting the steel, welds contain-
ing the stezl, and welded produets, in which the

various chjects noted herein together with many

- thoroughly practical advantages are successfully
achieved. It will also be seen that the steel has
a well-halanced content for preventing sigma
phase development and intergranular corrosion

and otherwise has good properties for many and

various uses.

As many poessible embodiments may be made of '

my invention and as many changes may be made
in the embodiments hereinbefore set forth, it will
be understood that all matier described herein is
to be interpreted as illustrative and not as a limi-
tation. --

I claim:

1. In a welded article or product, an austemtlc |

chromium-nickel stainless steel weld deposit of
low carbon content which is substantially free of
sigma phase and carbide precipitation and con-
taining, in approximate percentages, carbon up
to 0.039%, 16% to 219% chromium, 10% to 20.59%
nickel, 1.75% to 4% molybdenum, sulphur and
phosphorus each not exceeding 0.029%, and the
remainder substantially all iron, said chromium,
molybdenum and nickel further being in accord
with

P_e_[cellt Cr-+2XPer cent Mo
Per cent Ni

not. exceeding
about 1.50

2. In a welded article or product, an austenitic
chromium-nickel stainless steel weld deposit of
low carbon content which is substantially free of
sigma phase and carbide precipitation and con-
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nickel, 1.756% to 3% molybdenum, mangsnese up

to' 2.5%, silicen up to 0.7959%, sulphur and phos-
phorus each not exceeding 0.02%, and the re~
mainder substantially all iron, said chromium
and nickel further heing in accord with

P__er cent Cr
Pér cent Ni

=g numerical value not exceeding about
1.15

3. In a welded article or preoduct, an austenitic
chromium-nickel stainliess steel weld deposit of
low carbon content which is substantiaily free of
sigma phase and carbide precipitation and con-
taining, in approximate percentages, carbon up
to 0.03%, 18% to 21% chromium, from 17.2% to
20.0% nickel, 3% to €% molybdenum manganese
up to 2.5%, silicen up to 0.75 %, sulphur and phos-
phorus each not exceeding ¢.029%, and the re-

- mainder substantially all iron, said chromium
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taining, in approximate percentages, carbon up -

to 0.03%, 16% to 21% chromium, 14.8% to 19%

55 1948,

aﬁd nickel further being in accord with

Per cent Cr
Per cent Ni

=a numerical value not exceeding ebout
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